We know from daily experiences that visual sensations persist for some time following any momentary stimulation of light to the retina,-a fact generally known as "after-image."
METHODS
Since the direct measurement of exact duration persisting with sensation is hopeless, some possible plan must be devised.
According to Seo (16) and his collaborators, perception times in the case of stimulation of two parts in the retina of an eye can be made mutually identical, even if the length of the perception time itself is not measurable.
The simultaneity surface, i.e., a surface enclosed by simultaneity-probability curve with abscissa which denotes time, is in this case symmetrically bisected by the ordinate. In the present experiments two homogeneously bright surfaces are devised to appear in the dark monocular visual field. These surfaces are made to give the same luminosity, being arranged to have partially overlapping.
As shown in fig. 1 , A and B are the two separate luminous surfaces and C the overlapped part. The retinal area corresponding to C surface can be stimulated by the light from A and B successively or at the same time.
The stimulation by these surfaces is mainly fovea]. When the temporal interval between A-and B-stimulus is changed to the time limit, in which the brightness of C-surface is recognized to be just equal to that of A-or B-surface, the interval indicates the period of time elapsed from the beginning of primary sensation to the end of negative after-image, or the time of endurance of the complete sensation caused by A-or B-stimulus, granted that the perception times of the two stimuli are similar with each other. That interval may be indicated by D(Zy+i).
(Some authors use the term "primary image" which occurs as the first sensation corresponding to the stimulus. They think"positive after-image" may be the continuation of the"primary image." However, such a distinction does not seem to be necessary in this case, because there is no essential difference to be found between them.)
The duration of primary sensation owing to A-stimulus may be so measured that A . . . B interval is changed to the point when the brighterness of C has just extinguished, because if the positive effect of A-stimulus remains, C is recognized brighter than B.
The duration of primary sensation is shown by D(Zy).
When the negative after-image by A-stimulus remains, B is seen always brighter than C. The duration of negative after-image, the interval between the end of primary sensation and the end of negative after-image, is denoted by D(Zi).
The light used for stimulation was white light from a single source. The rays of light were divided by prisms and reflected by mirrors on the way to the three surfaces.
In the course of light were inserted compur shutters, the exposure time of which being calibrated with phototube and cathode ray oscillograph.
The exposure times of the shutters were not exactly the same as they were indicated by the maker.
The calibration was repeatedly done. The amount of light for stimulation could be changed also by the stop; the opened area of the stop was changed, the intensity of light source being kept constant, i.e., the brightness being kept at 61.5 lux on the place of the stop.
Subjects were two healthy young adults whose eyes were dark adapted, by staying for 20 minutes in the dark room before experiment.
All experiments were carried out in the same dark room.
RESULTS
The results of experiments are summarized in tables 1 and 2. As can be seen from table 1, D(Zy) remains almost the same while the exposure time varies to a wide extent and the iris is opened either fully or 1/4. D(Zy) however increases if the exposure time is made over 209 msec.
Extension of D(Zy) is also recognized with relatively short exposure of light when the iris is opened less than 1/8.
Data for D(Zy+i) are shown in table 2. Since we find no great differences between the data obtained when the iris is opened fully or 1/16 with various exposures ranging from 4.0 to 220 msec., the arithmetic mean can be obtained for each of the two subjects.
The mean D(Zy+i) calculated for T.I. is 519.6 msec. and that for T.J. is 520.6 msec.
The D(Zy+i), however, increases if the exposure is prolonged to 468 msec., although the exact limit is not obvious. D(Zi), the duration of negative after-image, is easily calculated from the equation D(Zy+i) D(Zy) D(Zi). It may be presumed from the above results, that the system which gives visual sensation may have a long relative refractoriness after the beginning of the primary sensation because the duration of primary sensation under dark adaptation is always about 77 msec., notwithstanding that the corresponding stimulus is as short as 4 msec. or continues for 122 msec., except the case when the amount of light used for stimulation becomes much smaller.
Another supposition is likewise permitted that the primary sensation lasting 77 msec. may correspond to a certain limited amount of light for stimulation under the state of dark adaptation.
For instance, the exposure time just necessary for a fully opened iris may be shorter than 4.0 msec., since for the same exposure time the time response of 77 msec. does not change even if the iris is 1/4 opened ( The refractoriness of the eye concurring with the visual sensation is relative and not absolute, because the primary sensation can increase in intensity by another light stimulus in this phase, as the data in our experiments illustrate. The refractoriness, however, is composed of two phases ; in the first phase summation of sensation is possible, and in the second it takes place no longer. The second phase of the refractoriness corresponds to a fraction of D (Zi), the duration of negative after-image.
DISCUSSION
About forty years ago Helmholtz (5) thought that the duration of visual sensation can be easily measured by flicker method, and the values of duration necessary for the fusion measured by Plateau and Emsmann were adopted in his book, Handbuch der physiologischen Optik. Such a measurement seems to us impossible, since there is no exact time correspondence between stimulus and sensation.
For example, our experiments proved that the primary sensation lasted always about 77 msec. while the light stimulus varied from 4 msec. to 150 msec.
The visual sensation induced by a brief stimulus does not endure with constant intensity, but fades away especially gradually in its final stage.
Flickering sectors may give a homogeneous sensation ; but it is of course a new sensation composed of succeeding sensations, and no one has ever explained the time relation involved in the fusing mechanism.
Our method may be called "the two lights method." One light is used to cause visual sensation and the other as test stimulus.
We know from experiences of monocular polyopia (17) that a visual sensation can be increased by the action of another similar stimulus applied on the same retinal area, if rivalry does not occur.
This summation occurs only when the sensation due to the test stimulus begins within the duration of primary sensation. By the summation, therefore, we can find the final limit of the primary sensation.
In order to induce a primary sensation lasting 77 msec. a certain amount of light is necessary as a stimulus.
Although the action oflight on the retina is steady, the excitability of the eye changes and it becomes refractory to the light, though not absolutely, but relatively. The refractory period is longer than the primary sensation.
The length of it seems to be about 150 msec., therefore it is about two times the first stretch of primary sensation.
The primary sensation is found to prolong to 83.2 msec., when the light exposure continues for 155 msec., i.e., when the light continues over the limit of refractoriness (table 3) . This increase of primary sensation is supposed to be due to a second stimulation, therefore it is resulted from a combined effect of the first and the second stretch.
The primary sensation may therefore extend stepwise by summation of stretches.
The lengths of the second and further stretches are not clear as the first 77 msec. stretch.
However, the duration of primary sensation is always in constant rate to that of refractoriness.
The occurrence of periodic after-images corresponding to stimulation by moving objects has been repeatedly informed (9, 2) . McDougall (14) used stimulus lasting 50 msec. to produce multiple responses of sensation.
The result depended upon the intensity of stimulus and weak stimulus could not produce successive images.
But, the stepwise extension of primary sensation in our experiments was not affected by the intensity of stimulus (table 3) . He also noted that if the stimulus was of longer duration the series of pulses of sensation did not occur. However, in our experiment, a light longer than 155 msec. was needed for producing multiple responses.
The first stretch seems to endure longer than 77 msec. when the stimulating light does not reach a certain amount.
A similar result may be found in the data of M. Monge (15) .
If the primary sensation were the only response, the above-mentioned phenomena might be difficult to explain; but, it is followed by a second sensation (negative after-image).
The process in the eye for the negative after-image seems to be opposing to the endurance of primary sensation.
But the relation between the length of primary sensation and the intensity of stimulus cannot fully be discussed as the data of our experiments are not sufficient.
The first stretch of primary sensation can be made shorter by illumination of the general visual field. The general brightness, therefore, changes the excitability of the retina on the one hand, and plays on the other inhibitorily upon the endurance of primary sensation.
The first stretch enduring 77 msec. must be the longest, because the surrounding field of the stimulus surface is completely dark in our experiments.
SUMMARY
The relation between stimulus and visual sensation was studied with special reference to the endurance of the latter.
1) The duration from the beginning of the primary sensation to the end of the negative after-image was always about 520 msec. while duration of light stimulus varied from 4.0 to 220 msec. in the state ofdark adaptation and dark surrounding field. This duration was also not affected by intensity of stimulus.
2) The primary sensation lasted 77 msec. with light stimulus lasting from 4.0 to 150 msec.
3) The primary sensation was prolonged stepwise progressively when light stimulus lasted over 155 msec. The duration of the former was approximately half the final length of stimulus.
4) The primary sensation was also prolonged when light stimulus was very weak.
This appears not to be due to summation, but have some relation to negative after-image.
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